The aim of this study was to investigate the reasons for differences in field fertility of 19 bulls following insemination with frozen-thawed semen. The study was carried out in 20 two separate parts over two years and comparisons were made between 5 high and 4 21 low fertility Holstein Friesian bulls as determined by their either 90 day non-return 22 rate (Year 1) or calving rate (Year 2). Two high fertility Limousin bulls were included 23 in Year 1 for comparative purposes. The ability of sperm from each bull to penetrate 24 artificial mucus was assessed (Year 1 = 7 replicates; Year 2 = 5 replicates). respectively; P = 0.2]. In conclusion, sperm from high fertility bulls tended to be more 52 effective in penetrating artificial mucus and to have an increased ability to fertilise 53 oocytes in vitro; however, once fertilisation occurred subsequent embryo 54 development was not significantly affected by fertility status. 55 56
Semen was diluted and then frozen in 0.25 mL straws, each containing approximately 123 80 x 10 6 spermatozoa per 1 mL. The study was carried out over two years and 124 involved a separate sample of bulls each year. In Year 1, semen from six bulls was 125 used of which three bulls (1 Holstein Friesian and 2 Limousin) were classified as 126 having 'high fertility' and three Holstein Friesian bulls were classified as having 'low 127 fertility'. Given the different breeds in the high fertility group, the experiment was 128 repeated in Year 2 using semen from five Holstein Friesian bulls of which three were 129 classified as having 'high fertility' and two were classified as having 'low fertility'. In 130
Year 1 the field fertility of the 6 bulls was calculated as 90-day non-return rate (NRR; 131 Straws were thawed at 37 o C for 30 s in a water bath and semen was held in a 15 mL 139 polypropylene conical tube during processing. As a quality control check a 5 µL7 sample was placed on a pre-warmed slide and motility was subjectively assessed on a 141 scale of 0 to 5 (0 = no motility, 5 = progressively motile) for each bull prior to each 142 replicate in each experiment. Sperm concentration was assessed for each bull using a 143 haemocytometer and dilutions were performed using Tyrode's albumin lactate 144 pyruvate (TALP) media as appropriate [40] . 145 146
Mucus penetration test 147
The ability of sperm to penetrate artificial mucus was evaluated using the method 148 Ltd, UK) were marked at 10 mm intervals between 10 and 80 mm. These were then 163 filled with artificial mucus using an adapted 5 mL syringe. Two capillary tubes were 164 placed vertically in a 1.5 mL eppendorf containing a 100 µL aliquot of the stained 165 sperm from one bull. Therefore, in each replicate each of the bulls were represented 166 by two capillary tubes. The tubes were incubated in a dry oven for 30 min at 37 ºC.
In addition, heparin-sodium salt (10 µg/mL; Calbiochem, San Diego, CA) was added. 220 
